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(g) Modified hILA 



@ Pravkled are PEOylated 'InterleukkvO'' derivatives (PEO-IL-6) haying an extended plasma half-4ifa, as 
weO as enhanced At vivo iL-6 bidogicaJ activitiea. 

Methods for producing the modified giyooaylatad and unglyoosylatad IL-6 proteins or polypeptMes, 
as weD as, for their use In treating hematopoietic disorders and diHidanclea, particultf^ acuta 
thrombo^topenia. are elso provided. 
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MODIFIED hIL-e 



RELD OF THE IWVENTIOM 

The present invention relates to modified glycosylated and unglycosytated proteins and polypeptides pos- 
sessing Intertegldn-6 (hereafter referred to as IL-6) activities where the modification conges chemfcal modi* 
fication of at least one amino group or cartrnxyl group on the proteins and polypeptides. The invention also 
relatee to a process for producing the modified proteins or polypeptides, and to their use in treating 
haematopoietic disorders and deficiencies, particularty acute thrombocytopenia. 

BACKQROUMD OF THE INVEtmON 

interleukin-6 is a multifunctional cytokine (KIshlmoto, T. and T. Hirano, Anti /?ev. Imnnmol., 6 :46S (1980)). 
Included among its diveree bidogicai activities are the induction of the temilnal difTerantiatbn of B cells to 
plasma cellsi the differentiation of Idller T ceiis and nerve celts, as wait as the acute phase protein synthesis 
of hepatoqftea. it also stimuiatea the growth of hybridoma/plasmacytoma/lmyeloma ceOs* T caOs, and 
hematopoletle stem cells. Differentiation inducing activity on megakaryocytes, leading to the production of 
platelets, has also been reported recently (Ishlbashl. T., et af., fitoocf 74 :1241, (1989)). 

One example of glyoQsylatBd proteins or pdypaptides possessfrig interteukln-6 activities is human inter- 
leukln-8 (hereafter referred to as hlL-6). There are a number of reports on processes for producing hlL-6 ; for 
example, production by human T cell hybrldoma celts (Ok«la, M., H af.. J. Exp. Med,, 157 :583 (1983)) or by 
human T cells transformed with human T ceQ leukemia vbus (Japanese patent application, KOKAI NO. 61* 
115024). Human IL*6 may also be produced by recombinant DMA technologies which comprise ban^ormtng 
mammalian or bacterial oefla with a vector canying a DMA sequence encoding htL-6 and then culturfng these 
ceils to obtain recombinant hIL-a. The resultant hlL-d Is a giyoosytated protein if produced by mammalian cans, 
and an unglyoosylated polypeptide if produced tyy bacterial ceHs. Both fbnns have been demonstrated to have 
Inteiteukln-a activities (EP 257406 ; WO 88/00206). 

The mature fully functional hlL-6 polypeptide has 184 amino add residues as predicted from the nucleotide 
sequence of ita cDNA. However. polypeptMes with one or more additional amino acM residues or (at most) 27 
amino add deletions at ttieir N-termlnua, as well as polypeptides with at most 50 amino add ddetfons (or sub- 
stihJtions) at their C-temnlnus. are known to retain IL-6 activity (EP 257406 ; WO 88/00206 ; EP 363083 ; 
Brakenhoir, J.P.J., Jl Immunei., 148 :1175 (1969)). 

Several methods have been used lo try to prolong ttte plasma half-life of certain intravenously administered 
high mdeculer weight pdypeptides. These Indude modification of tiie polypeptide with polyettiylene glycol 
(PEG), dextran, pdylGlu-Lysl pullulan. modified polyaspartata. or fatty adds, as waQ as coupling wfth y-globu- 
lln. The chemicai modification witti PEG (hereinafter referred to as PEGylaUon) of a few non-human derived 
enzymes, such as asparaginase, superoxide dismutase. or uricase. resulted in Increased plasma haimifa. How- 
ever, a number or problems have been observed wfth PEQyIetion. Aeylation of tyrosine residues on ttie protein 
can result in a lowering of ttie btologlcal activity of ttio protein ; certain PEG-proteIn conjugates are 
stable and ttierefore find no pharmacological use ; certain reagents used for PEOylation are insuffidendy reac- 
tive and ttierefore require long reaction times during which protein denaturation and/or inactivation can occur. 
Also, ttie PEGylating agent may be insuffidentfy selective. DtfTiculties can also arise aa a result of ttie 
hydrophobidty of ttie protein to be PEGylated ; In an aqueous medium hydrophobic proteins resist PEGylation 
at phyatotogical pH. The criteria for effecttve PEGylation indude not only whettmr ttie conjugated molecule has 
a comblnaUon of Increased senmi half-4ife and decreased brnnunogenteity. but also%vhettier it Is in f^et a more 
potent pharmacological agent than Re unmodified parent mdeoule. Given the broad range of dlfferenoea In tiie 
physical charecteristfcs and ph am f ia oo Wn e ti cs among proteins, ft is Impossbla to predict In advame whettier 
a protein can be suocessf^lly PEGylatad end/or whettier ttie PEGylated protehi wll still retain lis blologlcd 
activity wittiout Indudng untoward Immundogical responses. 

For example, in WO87/D0056, relating to ttie solublizaOon of proteins for phamiaceutleal composBions 
using pdymer conjugetion. tiie adverse effect of PEGylation on tiie ih vttro activify of IL-2 is described In 
Example UB (Table I. page 20). Example IC (page 19) references tiie IL-2 ceO prdH^ration bloaseay used Tim 
resultsdemonstrate tint ae more amino groups of ttie IL-2 are substihited witii PEG. ttie PEGylated IL-2 under- 
goea a nearly 1(MUd decrease In ectfvi^ ae oompared Id ttie activity of unmodffied iL-2. 

The oovaient modncition of lysine reskhies csuses a reduction In btoactfvlty of certain proteins. Lysine 
modification wHh activated PEG^stera Is random, difncult to control, and often results h reduced btoactivfty 
of ttie modified protein (Qoodson. of af., afe/roGftnotogy, 6 -.343 (April 189Q)). 
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U.S. Patent Na 4.904.584 (February 27, 1990) describes a process for preparing PEGytated polypeptides. 
However, the process requires a pre^nodiflcatlon of the polypeptides by first preparing LDVs (lysine depleted 
5 variants) to obtain a polypeptide having a "Citable' number of reactive lyelne residues. No evidence is pre- 
sented that PEGytated derivatives were actually obtained ; nor Is their any evidence that these proposed mod- 
ified polypeptides retained any biologicai actWIty. Further, there Is no exempiffication of the production of 
PEG-IL*6 nor any eacempiification of retalhed activity. 

As the A» vto half-life of IL-6 in blood te very short (Castefl. J.V. ef al^ Eur. J. Blochem., 177 :357 (1986)), 
10 ft is dealTBble to increase hiL-6 plasnrta half-life and to thereby improve the pharmaookinetics and therapautie 
efRcacy of IL-6. To date, however, no one has been euooesshil In so doing. 

SUMMARY OF THE INVEWTOM 

15 The present invention provides chemically modified glyoosylaled and unglyoosylated pratelne or polypep- 
tidee possessing a prolonged plasma half-Rfb and improved in vhm IL-6 actlvilies, partiouiarly platelet producing 
activtty. In primates, and espedalty In humans. 

According to the Invention. IL-6 Is dorlvatlzed with pdyathylene glycol (PEG) to produce PEG-IL-6 having 
prolonged plasma half-life and enhanced In vM) IL-6 biological acthKty. The iL-6 may be either glycosylatsd 

20 IL-6. unglycosytated IL-6, or bidogically active firagmenta of either glyoosyiatad or untfyoosylatad iL-6. Pief^- 
rad emino add sequences fbr IL-6 are set forth In the Sequence Listing and Identified as Sequence Id Nos. 1. 
2, and 3. The IL-6 can be either naturatiy or synthetically produced, either by recombinant methods or other 
methods known to those skDied in the art induding chenrdcal eynthesee. Naturally produced 0.-6 can be the 
expresskm product of a prokaryoUc or eukaryotic host oeO transfomMd or transfected with a DNA sequence 

2S encoding IL-6 or encoding a bbloglcally active IL-6 figment A preferred host cell Indudes E cdh The activated 
PEG used to produce PEG-iL-6 can be any of many activated PEG known to those skilled in the art Induding 
activated polyethylene glycol (4500). activated polyethylene glycd (5000). activated polyethylene glycol 
(1 2000), and the like. The particular activated PEG chosen can be any of a broad range of molecuiar weights 
as known to those skilled In the art and as used herein indudes the mdecular weight range of 4,500 to 12^000. 

30 Partlculariy preferred edNated PEG indudes the suocinbnMyi sucdnata derivatfvae of PEG and the bis-PEG 
dertvattves of Qfanuric chloifele. The PEG can be attached to the IL-6 via one or mora amino groups or one or 
nmre carfaoxyl groupa. The number of PEG moieties per iL-6 protein, pdypeptkfe or fragment can vary as can 
the mdecular we^ht of the PEG moiety. Generally, the higher the degree of PEGylatbn. I.e., the greater the 
number of PEG groups per protein nridecule, the greater the In vto btologlcal activity of the iL-6 ; similarly, the 

35 higher the mdecular weight of the PEG used to PEGylate, the fewer the number of PEG groups per protein 
molecule required for /n Wvo activlfy. Generally, at least two, and preferably more than five PEG moieties, shoukt 
be attached per iL-6 protein polypeptMe, or fragment Preferred PEG-IL-6 molecules indude : PEG1-IL-6 ; 
PEG2-IL-4 ; PEG12M4L-6 ; PE6(4500)IL-6, Induding fradtons Fr4S0. Fr45-1, Fr45-2. Fr45-3, and Ff4&4 ; 
PEG(10000)IL-6, induding fractions FrlOO^. F^100-1, FrlOO-Z FrlOO-3, Fr10&4, and Fr100-5; 

40 PEG(12000)IL-6. Indu(flng firacttona Fr120-1 , Fr120-2, Fr12(^. Fr12a4, and Fn20-5 ; and PEG(12000)iL-6'. 
induding the fractions Fn20'-1, Fr12a-2, Fr120'-3, Fr120'-4, and Fn20'-5. 

The present Invention also provides Ibr a method to produce such improved iL-6 comprising chemical modi- 
ficaUon of ttie pdypeptide. The present Invention further provides for ttrs use of such Improved IL-6 fbr treating 
disorders sssociated wHh ttirombocytopenla and/or Impaired platelet functions. In cancer ttierapy. a dramatic 

45 drop in platelet count is frequently Induced by the highdose administrations of cardnostaUcs : this drop causes 
a variety of disonJere such aa excessive hemonhaging. The improved IL-6 of the present Invention is expected 
to be usefrii in reducing skfe effects associated witti cancer chemotiterapy. According to ttie method of the 
inventtofi, haematopoleUe disordera can be treated In an organism k>y administering a ttierapeutically effective 
amount of a composition comprising PEG-IL-6. The method further comprises tfie step of promoting ptateiet 

so production. Also provided by ttie Invention are pharmaceutical compositions fbr use In treatment of 
haematopoietic disordera In an ofganlsm ; the composition comprises e phamnaceuticafiy acceptable solvent 
dBuenti adjuvant or carrier and, aa ttie active Ingredient, frrom about 0.0001 mg to about 10 mg per kg of body 
weight of Use afflkted organism per day of PEO-IL-6, and preferably In ttie range of 0.004-1 mg per kg body 
weight per day. Also pnivkled is e mettiod for treatment of haematopoietic disoRf ere In an organism by admbil- 

55 staring the novel pharmaceutical compositions of PEO-IL-6, 

BRIEF EXPLANATION OF THE DRAWINGS 

Figure 1 is a graph showing ttie effect of ttie administration of modmed (Fr45-2) and unmodifiad htL-6 on 
ttie number of peripheral platdets present after X-ray iiradlation of mice. 
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Figure 2 is a graph showmg the effect of the administration of modified (Fr45-2) and unmodlflad hlL-6 on 
the number of peHpherel platelets after chemical caicinostatic treatment of mica 

Figure 3 Is a graph showing the effect of the administration of modifled (Fr120*1 to 12M) hlL-6 admlnle* 
tratton on the numt>er of peripheral platelets after X-ray Irradiation of mica 

Figure 4 is a graph showing the in vivo peisistenoe of modified and unrnodified hlL-6 in mouse t^lood. 

Other aspects and advantages of the present Invention wQl be apparent upon consideration of the followf ng 
detaOed desafption thereof which includes numerous Blustratlve examples of the practice of the invention. 

DET^UED DESCRIPTION OF THE INVENTION 



Described below is the chemical modificaUon with PEG of at least one amino grmip df polypeptides pos- 
sessing IL-e actMtles. This modification results in an Increase Uiinviyo haH^ifb in blood and an increase of In 

15 vtvo platelet producing activity as compared to that of unmodified IL-6. Thus, in one aspect of the present Invef>* 
Iton. modified glycosylated and unglycosylated proteins or polypeptldee (preferably polypeptides) possessing 
improved lnterleuidn-8 activities, partlciilariy platelet pro^ng ecthrHy, in primates, and eepedaliy In humans, 
are provided where the modification oomprises the attachment of PEG to the pdypeptldea 

The attachment of PEG to the molecules possessing IL-d activities may be done via the amino or carfooxyl 

20 groups present in the polypeptides, and is preferably via the amino groups. For PEGyiatlon via amino groupa. 
at least one hydrogen atom of an amino group of the protein or protein fragment to be PEGylated is substituted 
withagroupaaehowninfbmiulal or2: 



FORMULA 1 



p O 

II II 



-C-CHaCHa-CXHCH,CHaO)„-R, 



n : a positive integer between 7 and 60a 
Rf : an alkyi group wllh one to three carbona 



FORMULA 2 

a(CH,CHaO)„.R, 

N 

f 

a(CH,CH,0)„.R, 



n.m : a positive integer between 7 and 600. and may be equal or different 

R1.R2 ran alkyi group with one to three carbons, and may be the same or different 

In the present Invention, hlL-6 polypeptides having substantiaQy the following amino acid sequence a 

ferred as either the glyoosytated or ungiyoosylated proteins or polypeptMes possessing IL^e activlUes : 



80 



88 



4 



EP0442724A2 



SEQUENCE IP NO. ;1 



XLA 


PRO 


VAL 


PRO 


PRO 


GLY 


GLU 


ASP SER LYS ASP VAL ALA ALA PRO 


HIS 


ARG 


GLN 


PRO 


LEU 


THR 


SER 


SER GLU ARG ILE ASP LYS GLN ILE 


ARC 


TYR 


ILE 


LEU 


ASP 


GLY 


ILE 


SER ALA LEU ARG LYS GLU THR CYS 


ASN 


LYS 


SER 


ASN MET CYS GLU SER SER LYS GLU ALA LEU ALA GLU 


ASN 


ASN 


LEU 


ASN 


LEU 


PRO 


LYS 


MET ALA GLU LYS ASP GLY CYS PHE 


6LN 


SER 


GLY 


PBE 


ASN 


GLU 


GLU 


THR CYS LBU VAL LYS ILE ILE THR 


GLY 


LEU 


LEU 


GLU 


PHE 


GLU 


VAL 


TYR LEU GLU TYR LEU GLN ASN ARG 


PHB 


GLU 


SER 


SER 


GLU 


GLU 


GLN 


ALA ARG ALA VAL GLN MET SBR THR 


LYS 


VAL 


LEU 


ILE 


GLN 


PHE 


LEU 


GLN LYS LYS ALA LYS ASN LBU ASP 


ALA 


ILE 


THR 


THR 


PRO 


ASP 


PRO 


THR THR ASN ALA SBR LBU LBU THR 


LYS 


LEU 


GLN 


ALA 


GLN 


ASN 


GLN 


TRP LEU GLN ASP MET THR THR HIS 


LBU 


ZLB 


LEU 


ARG 


SER 


PHB LYS GLU PHB LEU GLN SER SER LEU ARG 


ALA 


LEU 


ARG 


GLN MET 









As used herein 'substantia!}/' means that the polypepttdes may have one or more amino add modifl- 
catlon(s) (deletions, additions, Insertions, or sut)Stitutlons) of the above amino add sequence as long as the 
modiflcation(8) does not have any adverae affect on the function and bidoglcal activity of the pdypeptidea 
Examples of such modmcations are described in published patent applications EP 257408, WO 88/00206 and 
EP 363083 as wefl as in Brakenhoff. J.PJ.. [J. Immunol., 143 :1175 (1989)). 

The polypeptidea may be produced by a number of methods indudbig genetic engineering ; hlL-6 polypep- 
tides produced liy recombinant £ ooff are preferred as they can be obtained in good purfly and in large quantity. 
A po^peptide with exacdy the above amino acid sequence or the above amino add sequence with one 
methionine or a Me^Lys dipeptide added at the N-tarmlnua la espedaity preferred. These hlL-6 polypeptides 
may be produced by the procedure disdosed in PCT patent application WO 68/00206 (Genetics Institute incor- 
porated). They may also be produced by first chemicaOy synthesizing a DMA sequence encoding hlL-6 polypep- 
tides (Haegeman, G., ef a/.« Eur. J, &(x^em„ 159 :625 (1986)) and then exprasslng the DMA h £ cotf by the 
method of Souza ef aX (WO 87/01132) (U.a Patent Na 4.810,643). 

As used herein in the formulae, m and n IndicatB average values ; m and n may be equal or different 8re 
preferably equal and between 7 and 600, more preferably between 7 and 250, and most preferably between 
30 and 150. The aversge motecular weight of the PEQ used In the present Invention may be between 300 and 
30.000 ; and Is preferably between 1,000 and 20,000 ; and is most preferably 12,000. The protecting groups 
for the hydroxyt group of the PEG. indicated as Rt and R,. may be allcyl groups, with one to three carbon atoms, 
such as nrathyt. ethyl, rvpropyl or ^propyl groups, and are preferably nwthyi groups. 

As a fiirther aspect of the present Invention there are provided processes for producing the PEOyiatad 
glycosylated proteins or polypeptides possessing IL-6 activities. The PEGylstton of the amino groups on 
polypeptides possessing IL-6 activities (herealler referred to as IL-6 polypeptides) may be achieved via auo- 
cinlmlde (formula 1) or Irlazlne (formula 2), and Is preferably via aucdnimtde. In the PEOytation via aucelnbnide. 
PEG shown in fbnmula 3 is coupled with the compound shown In formula 4 to obtain the compound shown In 
formula 5, which is then coupled to IL-6 polypeptides. Some of the activated PEGs, represented tiy the generic 
fonnula 5, are commerdaOy avaaable for example, Nippon on & Fats Co. (Tokyo, Japan). Fdrniula 5 b 
a generic formula reprssentatlve of sucdnlmidyl succinate derivatives of PEG. 

F0RMULA3:PEG 



Ha(CHaCH20)a-Ri 
n,R| : aame as in fonrnuta 1. 
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P0HIIIUIA4 

o o ? 

HCXJ-CHjCHj-OO-N,^ | 
O 

FORMULA » ; ■ucclnlmldyt iicclnate dartvMw of PEO 

9 p 

Rr(0CH,CHa)^O-C-CH,CH,-CO-N^^ [ 

O 

n,R| : rams as In fbnmula 1. 

VtB coupling of adlvatad PEG (fomnita 5) to IL-6 polypeptktes may be achieved by Incubating 'mOJ2SM 
sodium borate buffer (pH 8.M.5) for erne Id three hourn el 4«C. The ectNated PEG may be eddad to the reaction 
mbdure serially In email quantities to avoid lis degradetloa After the reaction, the PEGylated IL-6 polypeptides 
can be separated flnom unreacted matarlala by gel fOtratlon and hmexchange column chromatography. 

For PEGylatlon via triazine, PEG shown In fonnula 3 is coupled with the compound shown In fomiula 6 to 
obtain the compound shown In formula 7 ; the ftmmila 7 activated PEG Is then coupled to IL-6 polypeptides. 
Some of the compounds represented by the generic ftumula 7 are commerdaRy avanabie from, for example. 
Seikagaku Kogyo Ca (ToKyo, Japan). 

FORMUU0 

Ci 

H 

a 

FORMULA 7 ; bto-PBO darivaMw of cyamirte chlortdo 

,0.(CH,CH,OVR, 



CK N 
N< 

0-(CH,CH,OVR, 



n,miRi^2 ' same as In formtda 2. 



The coupling of activatad PEG (fonnula 7) and IL-6 pdypeptldes may be achieved by hcubaUng In 025 
M sodkim borate buffer (pH 10.0) for two to twenty houra « 4K: to room tamperatuie. The acth« 
be added to the reaction mixture seifally in amaO quantitlea to avoid Ha degradation. After the reaction, the 
PEQyiated iL-6 polypeptides can be sepereted from unreacted materials by gel fDtration and ion-exehai^e oo^ 
umn chrematogrephy. 

The PEQyIetlon of the carboxyl groups on IL-6 poiypeptidee may be achieved by coupling the pofypeptfdes 
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with the PEG shown In fonnula a 

FORMULA a 

H2NCH/;hbCltf)-(CH2CH/>),rCH2CH2CHsNHi 
n : same as In fonnula 1. 

As a general njle. the higher the degree of PEQyIatlon, I.e., the greater the numtwr of PEG groups per 
protein nralecule, the better the iGn vfvo acthrity ; and, the higher the molecular weight of the PEG used to PEOy- 
late, the fewer the number of PEG groups per protein molecule required for In vhfo aclivi^. Generally, at least 
two and preferat)ly more than five PEG moieties should be attached per IL*6 pratatn. 

As used herein, the foBowIng abbreviations and temis indude, but are not neeessarfly limitad tOb the fol- 
lowing definltlona. 

Acthmted PEG1 to a generic term used to Indicate activated polyethylene glycol (4500) ; 

Activated PEG2 is a generic term used to Indicate acthmted polyethylene glycol (5000) ; 

Activatad PEG12M is a generic tenn used to indicate actlvatad polyethylene glycol (12000) ; 

PEG(4500)IL-6 Is a generic tenn used to indicate the product fomied upon the reaction of the suodnbnldyl 
succinate derivathres of PEG(4500) with XLS ; 

PEG(10000)IL-6 Is a generic tenn used to indicate the product formed upon the reaction of the bla-PEG 
(5000) derivatives of cyanurfe chloride wBh IL-6 ; and 

PEG(12000)IL-6 to a generic terni used to Indicate the product formed upon the reaction of the suodnimldyl 
succinate derivatives of PEG(12000) with IL-a 

The numbers In parentheses, l.e., 4500, 9000, and 12000 refer to the average molecular weight of 
polyethylene glycol 

As used herein, "haematopoietic disordere and defldencies' Indude but are not limltod to throm- 
bocytopenia, granulocytopenia, and anemia. 

The PEOylated ILr8 of the present Invention hae a much longer plasma hMm and upon acMnlslretion 
to mice has a for superior capadty to increase the number of plalelete compared to unmodified IL-6 polypeptides 
or glycosylated IL-6 ; further, the PEGylated IL6 of the invention has vwy low toxicily. Thus. In another aspect 
of the present Invention. therapeuHo agento for beating haenutopoletic disorders, particulariy acute throm- 
bocytopenia, and deflclendes are provided. Such agents comprise a therapeutically effective amount of the 
PEGylated IL-6 of the present invention in an admixture wSh a phamiaceutlcally acceptable carrier. The agento 
may be admlntetored orally as tablete or capsules, or perenteraOy by injectioa Generally, the daOy dosage regi- 
men Is In the range of 0.0001 -1 0 mg/kg weight (as polypeptide), and preferably In the range of 0.004-1 mg/kg. 

The fdlowing examples Olustrate practice of the invention. 

Example 1 relates to the preparation of Pr45-0 from hlL-6 pdypeptide and an actlvatad PEQ1 
(methoxypdyethylene glycol (4500) sucdnlmidyl succinate). 

Example 2 relates to the SDS-PAGE characterization of Fr45-0. 

Example 3 reletes to the preparation of FrlOO^ from hlL-6 polypeptide and an activated PEG2 (bis-m»- 
thoxypolyethylene glycd (9000) cyanuric chloride). 

Example 4 relates to the preparation of four fractions of PEGylated hlL-6 polypeptide : Fr45-1, Fr45-2, Fr45- 
3, and Fr45-4 from hlL-6 and the activated PE01 of Example 1. 

Example 5 relates to the SOS-PAGE characterization of the four fractions of Example 4. 

Example 6 demonstrates the capacity of the four fractions obtained In Example 4 capadly to Induce IgM 
production in a B cell leukemic ceO-line. 

Example 7 oomparss the /a Wvo platelet producing acth^ity of hlL-6, Fr454) and FrlOO^ (as prepared In 
Examples 1 and 3). 

Example 8 compares the ^ vto platef et producing activity of hlL-6 and of the four fractions of Example 4. 

Exampis 9 relates to the subcutaneous admintotratlon of hlL-6 or PEGylated hlL-6(Fr45-2, produced In 
Example 4) to acute-thrombocytopenlc mice following X-ray inradiatfon. 

Example 10 reletes to the subcutaneous adndnlstratkin of hIL-a, or PEGylated hlL-6 (Fr45-2, produced In 
Example 4) to acuta-thrombocytopenic ntica foOowing treabnent wSh the chemical cardnostatlc cydophoa- 
phamlde. 

Example 11 rdatee to the preparation of fhre fraeUone of PEGylated hlL-6 polypeptMe, FrlOO-l, Fr10(K2, 
FrlOO^, FriOO^, and Fr100-5, from hlL-6 and the activated PEG2 of Example 3. 

Example 12 relates to the coupling of hlL-6 polypeptide to en activated PEG12M (methoxypdyethytene 
glyod (12000) suodnimldyl sucdnate) and the preparation therefrom of five factions of PEGytatod hlL-6 
pdypeptkle : Fr120-1. Fr120-2, Fn20.3. Fr120-4. and Fr120-5. 

Example 13 provides the rssulta of a study to compare the level of ptatelet production fdlowing the edmlnl- 
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stiation of the hlL^ (pioduced In Example 4) or its PEGytated deffvafivee (prodiiced In Examples 1 1 and 12), 
Example 14 relataa to the subcutaneous administration of PEGytated hlL-6 (produced in Example 12 : 
8 Fr120-1 to Fr120-5) to acute^romt)ocytopen{c mice following X-ray bradiatioa 

Example 15 demonstrates the In vivo persistence of PEOytated hIL-d (Fr46-2. Ri 20-1. and Fr120-2 pro- 
duced in Examples 4 and 12) as compared to unmodifled hlL-6. 

Example 16 descrltyes the preparation of five fractions of PEGytated hlL-6 : Fn20'-1 to Fr120'-6 ftom the 
hlL-6 polypeptide of Example 4 (however, without the cathepsin C treatment) and the activated PEG12iM of 
10 Example 12. 

Example 17 provides the results of an acute toxicity assay of the hfL«6 of Example 4 and Kb PEGytated 
derhratives Fr45-2, FrlOO-2, and Fr120-2 (produced In Examples 4, 11, and 12). 

in Examples 7-10 and 13-17, the PEGytated hlL-6 polypeptides of the present invention were dissolved in 
PBS containing 0.1% normal mouse senjm. The conoentratton of the solutions was adjusted so that the final 
18 volume adminbtered was 1 00 pi. 

EXAMPLE 1 

A DMA sequence encoding the hlL-6 polypeptide with the following amho add sequence was chemically 
20 synthesized and then introduced and expressed in E co// as described by Souza et aL (WO 87/01 132). 

SEQUENCE ID Ha; 2 

2g MET ALA PRO VAL PRO PRO GLY GLU ASP SER LYS ASP VAL ALA ALA 
PRO HIS ARC GLN PRO LEO THR SER SER OLD ARG ILE ASP LYS GLN 
ILE ARG TYR ILE LEU ASP GLY ILE SER ALA LEO ARG LYS GLU THR 
CYS ASN LYS SER ASN MET CYS GLU SER SER LYS GLO ALA LEU ALA 

3^ GLU ASN ASN LEU ASN LEU PRO LYS MET ALA GLU LYS ASP GLY CYS 
PHE GLN SER GLY PHE ASN GLU GLU THR CYS LEU VAL LYS ILE ILB 
THR GLY LEU LEU GLU PHE GLU VAL TYR LEU GLU TYR LEU GLN ASN 
ARG PHE GLU SER SER GLU GLU GLN ALA ARG ALA VAL GLN MET SER 

^ THR LYS VAL LEU ILB GLN PHE LEU GLN LYS LYS ALA LYS ASN LEU 
ASP ALA ILE THR THR PRO ASP PRO THR THR ASN ALA SER LEU LEU 
THR LYS LEU GLN ALA GLN ASN GLN TRP LEU GLN ASP MET THR THR 
HIS LEU ILE LEU ARG SER PHE LYS GLU PHE LEU GLN SER SER LEU 

^ AEG ALA LEU ARG GLN MET 

£ CO// cans (300 g). thet accumulated hlL-6 polypeptide, were harvested by centrihjgation for 10 min at 
35009. The hlL-6 polypeptide was extracted, sotubHized and rMded as described in EP 257406. Approxlm- 
ately 2.9 g of the hlL-6 polypeptide, which was a single band on SDS-PAGE and had the predicted molecular 
48 weight of 21K, was obtained. 

An activated PEG1 (a sucdnlmidyl succinate derivative of polyethylene glycol, which la 
methoxypolyethylene glycol succinate with an average mdecular weight of 4,500 and coupled to N^iydroxysuo- 
dnimide) was oommerdaily obtained from Nippon Ofl ft Fate Co. (Tokyo, Japan). 

The hlL-6 polypeptide (200 pg) was Incubated with 1.5 mg of the activated PEG1 in 370 pi crfO^ M sodium 
so borate buffer (pH fbr bwo houre at 4«C. The reaction waa stopped by towering the pH by adding 2 N hyd- 
rochloric add. The molar ratto of the acthratad PEG to the 1^ amino groups on the IL-6 polypeptide was 
approximately two to one. The readton mbcbire was applied to a gel fntration odumn equHibrated with phosphate 
buffered saline (PBS) to exchange the buffer and was then subjected to the separation procedure below. 

The butrer-«tchanged eotution (3.5 mQ wes applied to an HPLC geMatration column fiDed with TSI<^el 
55 G3000SW (Toso Ca» Tokyo, Japan). The PEGylated hiL-6 polypeptide, having one to ttiree PEG motettee per 
mdectde, waa duted In the first peak to gNe a yidd of approxtmetdy 20 pg. The PEGylated hlL-6 pdypeptfda 
so obtdned was termed Fi'4&<l. 
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EXAMPLE 2 

The Fr45-0 obtained in Example 1 was characterizad by SDS-PAOE (Fast System, Pharmacia ; 10*15% 
9radient get). The polypeptides were stained with sDver staining and the moleoular weights were estbnatad by 
oomparison %vlth standard molecular weight maifcers (BM^d, Richmond, CA, USA). The appamnt molecular 
weights of Fr4M were 23K, 37K, and 50K. 

EXAMPLES 

An activated PE02 (an activated pdyathyleno gtyoci with an average molecular weight of 10.000 ; ayiv- 
thesized by coupling two polyethylene glycd (average molecular we^ 5.000) monomethylether molecules 
with cyanuric chloride) was commercially obtained from SeOoagalu Itogyo Co., Tokyo, Japaa 

The hlL-6 polypeptide (200 ^9) obtained in Example 1 was Incubated with a.5 mg of the activated PE02 
In 370 Ml of 0.25 M sodium borate buffer (pH 10.0) for two hours at room temperature. The reaction was stopped 
by lowering the pH by adding 2 N hydrochloric acid. Tha molsr ratio of the acth^ated PEG to the free amino 
groups on the IL-6 polypeptide was approxknately two to one. The reaction mixture was applied to a gal fatration 
column equilibrated with PBS to exchange the buffer and then subjected to the separation pfocedure described 
In Example 1 . The PEGylated hlL-O polypeptide with one to two PEG moieties per molecule wes eluted In the 
first peak to ghre a yield of approximately 20 tag. The PEGylated hlLrO polypeptkle so obtained was tanned 
Fr1004X 

The apparent mdeeular welghta of Fr1004l were determined to be 28K and 42K as described In Example 



EXAMPLE 4 

A ONA sequence encoding the hlL-6 polypeptkle wKh the fallowing amino add sequence was chemteally 
synthesized and then Introduced and expressed tn £. coff as described by Souza ela^ (WO 87/01132). 

SEQUENCE IP Na; 3 



MET LYS ALA PRO VAL PRO PRO GLY GLU ASP SER LYS ASP VAL ALA 
ALA PRO HIS ARG GLN PRO LEU THR SER SER GLU ARG ILE ASP LYS 
GLM ILE ARG TYR ILE LEU ASP GLY ILE SER ALA LEU ARG LYS GLU 
THR CYS ASN LYS SER ASN MET CYS GLU SER SER LYS GLU ALA LEU 
ALA GLU ASN ASN LEU ASN LEU PRO LYS MET ALA GLU LYS ASP GLY 
CYS PHE GLN SER GLY PHE ASN GLU GLU THR CYS LEU VAL LYS ILE 
ILE THR GLY LEU LEU GLU PHE GLU VAL TYR LEU GLU TYR LEU GLN 
ASN ARG PHE GLU SER SER GLU GLU GLN ALA ARG ALA VAL GLN MET 
SER THR LYS VAL LEU ILE GLN PHE LEU GLN LYS LYS ALA LYS ASN 
LEU ASP ALA ILE THR THR PRO ASP PRO THR THR ASN ALA SER LEU 
LEU THR LYS LEU GLN ALA GLN ASN GLN TRP LEU GLN ASP MET THR 
THR HIS LEU ILE LEU ARG SER PHE LYS GLU PHE LEU GLN SER SER 
LEU ARG ALA LEU ARG GLN MET 

This amino add sequence has N-termlnal residues of Mat-LysnAla-Pro- and thus can be convenlenlly oan> 
verted to Ala-Pro-, the natural hlL-6 sequence, by deaving off the Met-Lys using cathepsin & 

£ €0B cslls (300 g), that had accumulated hiL-6 polypeptide, were harvested by oentrlfugatton for 10 mln 
at dSOQff, and the hlL-6 polypeptide was extracted, solubBbed and rsfdded as descrbed In EP 25740a Aflar 
changing the buffer to 20 mM sodium acotate buffer, the pdypepdde was treated with 6 U of cathepsin C (Boerl- 
nger Mannheim GmBH. Mannheim, Gsmiany) fbr one hoiff' at room temperature. The reaction mixture was 
quick-chlled and sodium phosphate buffer (pH 6.0) was added to a final concentration of 2 mM. The mixture 
was applied to a hydroxyapatite column equDIbrated with 2 mM sodium phosphate buffbr (1 300 mmho, pH B.0), 
and the hlL-6 was eluted In a paaic fraction of 1200 ml with the same buffer. This faction was then applied to 
a CM*Sepharose column equllbrated with 20 mM sodium scetate buffer (pH 8l0). The column was washed 

9 



EP0 442724 A2 



with the aama buffer, and the hlL-6 was eluted in a peak fraction of 580 nd with a linear gradient of 0^.3 M 
Naa In the same Inifrer. 

Approximately 1 .5 g of the hlL-O polypeptide, which was a single tmnd on SDS^AGE and had the predicted 
molecular weight of 21K. was obtained. The N-temilnal sequence was conffrmed to be Ala-Pio^VaJ-Pro- by 
direct sequence analysis. 

The hlL-8 polypeptide (100 mg) was dissolved in 100 ml of 0.1 M sodhim borate buffer (pH 8.5) and 1125 
mg of the activated PEG1 of Example 1 was added to the sohition In an loe bath wRh sttirfng. The actuated 
PEQ1 was added either an at one time or In five additions at 30 mln intenrals. and the latter was found to give 
a better yield of the coupled product Accordingly, the subsequent purification steps vme cairted out on the 
reaction mixhjre to which tha activated PEG1 was added In ffvo separate* sequential addlUona 

The reaction mixbire was concentrated to 10 ml using YM10 uttrafltratlon membrane (Amicon. Danvers, 
MA, USA) and was applied to a Sophadex G100 column equOibrated wKh 20 mM sodium acetate buffer (pH 
e.0).ThePEGylatedhlL-6polypeptidewaselutedinf6urfractlons(hsreaftBrreferredtoasFr4^ Fi4fr-2 Fi45- 
3, Fr454) with the same acetate buffar. Upon SDS^AGE analysis, each fraction gave a main band of 91 K, 
68K. 41 K, and 2eK ; respecthrely. Tho yield of each fraction was 2.9 mg. 4.0 mg. 2.9 mg. and ^5 mg ; reaped- 
Ively. 

EXAMPlBff 

The four fractions obtained In Example 4 characterized by d^emiintog the number of free amino 
groups and by SDS-PAGE analysis. 

.--.•Hi? ^^^^^ aminogreups was detemiined by the method of Stocks etal. (Anaf, BhchBm.. 154 :232 
(1 98Q). The PEGylated polypeptides were reacted with 7^% fluorescamine In 0.1 M sodhmi phosphate (pH 
8.0). and the number of firae amino groups was detamnlned by measuring the bitsnslty of fluorescence at 478 
nm (excited at 390 nm). 

SDS4>AGE analysis was canried out on a 1 0-20% gradient gel (Daflchl Pure Chemicals Co., Tokyo. Japan) 
The polypeptides were stained with CBB and the molecular weights «vere estimated by comparison wfth stan- 
daid molecular weight markera (Phannacia. Upsala. Sweden). Each band was quantined using an bnaoe 
analysis system (lmmunomedk» model TIF-64). The results are shown in Table 1 bebw 



Table 1 







Molecular weight distribution (%) 




«0f 
freeNH,* 


2110 


26K 


41K 


68K 


>91K 


Fr45-1 








23.0 


77.0 


6.1 


Fr45-2 






14.0 


52.2 


33.8 


6.8 


Fr45-3 




12.0 


56.4 


28.2 


3.4 


9.3 


Fr45^ 


9.9 


75.7 


14.4 






12.6 



a: Unmodified hlL*6. 



b: Average number of free amino groups per molecule, 
(cf. tilL-6 has 15 amino groups per molecule.) 



EXAMPLES 

The feur fractions obtained in Example 4 were tested fry their capacity to Induce IgM production In a B cen 

leulcemieoeOlineSICW8^14<Hlreno^T^ef At^Pioa Atotti4catf. Sd. UStA. 82:5490 (1985)) The PEGylated 

WUe polypeptidas were dtosohred In RPMIL^ medhim containing 10% fetal calf senmt The ooncentiatton 

of the sdutbn was a^ustad so that the final volume of the solution added to reaction mixtures (200 ul)vraa 50 

|iLTheiasidtsareshownlnTabfeZThePEGylaiedhn.-eretainedit8actJvllytoln^ 
014. 



10 



Table 2 



EP04427a4A2 



tflM Production (np^ml) 

PEQylaledhIL.6 
unmodified 



Do8e(po/ml)' i^lL-e Ff48.1 Fr45-2 Fr45-3 Fr45-4 



3750.0 


910 


250 


339 


175 


200 


937.5 


890 


120 


162 


116 


175 


56.5 


545 


82 


78 


70 


90 


7.5 


120 


72 


73 


70 


75 



a: On the basis of hlL*6 polypeptides. 



EXAMPLE 7 

The in vM> platelet producing activity of the hIL-e, Ff4M, and Fr10(W). produced In Bcamptea 1 and 3, 
was examined in mica. Either hlL-6. Fr4S0. FrlOQ-O, or the mWure of hlL-6 and PEG(4S00) (In vehicle) was 
administered subcutaneously to three Balt>/c mice (8 weeks old, female) at a dose of 10 iigAnnise (on the basis 
of polypeptide) once a day for fhw daya. Control mica were administered only vehida comprising PBS oontaln- 
ing 0.1 % nonnal mouse semnt Blood samples were taken on the sixth day and platelels In peripheral Iriood 
were counted. The resulis are shown In Table 3. 

Fr4M and FrlOO^ induced an approximately 230% Increase b the number of platelets produced, while 
unmodified hlL-6, or the mixturs of hlL-« and PEG(4500) Induced only an approximately 150% incfease. 

Tables 



Number of platelets* 



Vehicle 


74.5 (100%) 


PEG(4500)IL-6 


173.5 (233%) 


PEG(10000)IL-6 


170.0 (228%) 


hlL-6 -1- PEG(4500) 


117.9 (158%) 


hiL-6 


113.5 (152%) 



a: xloVjil, numbers In parentheses are % of the vehicle control. 



EXAMPLBS 

The hlL-« or its PEGylated derivatives (Ff45-1 to Fr4M). produced In Example 4. were administered sub- 
cutaneously to four Balh/c mice (8 weeks old, female) once a day for five days. Control mtee ware administered 
only vehicle comprising PBS containing 0.1 % nomfial mouse aerunL Blood samples ware taken on the abdh 
day and platelets in peripheral blood ware oountad. The results are shown In Table 4. The results also demon- 
strate a positive dose response relationship. 

The PEGylated hlL-6 showed elgnificantly higher platelet producing activity compared to the unmodified 
h!L-6L 
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Table 4 

Number of platelets (% of controQ 

PEGylated hlL-S 



unmoaiiieu - 

Dose* hiL-6 


Fr45-1 


Fr45-2 


Fr45-3 


Fr45-4 


10 126.6' 


250.9"* 


214.4* 


194.0" 


173.5** 


5 130.2' 


224.6"" 


188.9"* 


188.9"* 


144.2* 


1 111.1 


143.6' 


151.5* 


128.8* 


124.0 


0.5 115.8 


135.4" 


125.8" 


134.4" 


107.2 


0.1 100.4 


103.2 


102.0 


92.8 


107.8 



a: }ig/mouse/in]ectIon on the basis of hlL-6 polypeptides. 
P<0-05, P<0.01. P<0-001 significant difference 
from the controi (Studenfs T-test). 

EXAMPLES 

The hIL-6 or to PEGylated derivative (Fr45-2). produced In Example 4. was administered subcutaneously 
to four acutely thrombocytopenic mica once e day at a dose of 5 iigAnouse for 10 serial days fUlowing X-ray 
Irradiation (600 rad). Blood samples were taken daOy and platelets In peripheral blood were counted. The results 
are shown In Figure 1. 

PEGylated hiL-« administration resultBd bi at least five days earlier recoveiy frnn the thrombocytopenia 
than the control vehicle administration, whie unmodified hlL-O adminlstratton resulted In one to two days eariier 
recovery. 

In another test, five X-ray Irradteted mice were administered hlL-6 or the Ff45-2 once a day for 7 serial 
days at a dose of 5 or 50 (igAmouse as described above. Mood samples ware taken on the eighth day when 
the acute decrease of platelets In vehicle admin istered mice reached the minimum, as Is seen in Fl^ 1. and 
plataleta In per^iheral blood were counted. The results are shown In Table 5. 

The 5 iig/imouse edmlnlslration of the Fr45.2 completely prevented the acute drop In the platalet number 
whDe even 50 pg/mouse admlnistratton of the unmodified hlL^ did not result m significant recovery from the 
acute thrombocytopenia. 



Tables 



Number of platelets* 


Vehicle 


40.8 ( 63%) 


Fr45-2(5M) 


83.0 (127%) 


hlL-6 (5 ms) 


47.0 ( 72%) 


hlL-6(60Mg) 


53.1 ( 82%) 


Normal^ 


65.1 (100%) 



a: xio*4il, numbers In parentheses are % of the non-trradlated oontioL 
b: Not irradiated with X-ray. 



12 



EP0442 724 A2 



EXAMPLE 10 



5 The hlL-6 or its PEQyIated derivative (Fr4S-2). produced in Example 4, waa administered subcutaneously 
Id four acutB-thromt)ocytopenic mice, that had been Irealad with 200 mg/kg of a ehemical caidnoalatte 
cyclophosphamide (CY), onoe a day at a dose of 5 pgAnouse for hlL-6 and 1 MO/hiouse for PEGytated hiL-6 
for 7 seHal days following the CY administration. Blood samples were taken daOy and platelets In peripheral 
tstood were counted. The results are shown in Ffgure 2. 

10 PEOylated hlL-6 edmlnistratbn resuited In signlfkantly eariler reooveiy from the thrombo^penla than 
the oontrol vehtaie admlnlstretlon, whOe unmodified hlL-6 admlnlstretfon Induced platelet Increase but not eaily 
raoovery. 

EXAMPLE 11 

15 

As described below, the hlL-6 polypeptide produced In Example 4 was coupled to the adIvatBd PEG2 of 
Examples. 

The hU.-6 polypeptide (100 mg) was dlssohred in 200 ml of 0.1 M sodium borste bufTer (pH 10.0) and 2500 
mg of the activated PEG2 was added to the sdutton In fhre additions at 30 min Intervals at room temperature 

20 with stirring. The reaction mUture was concentrated to 8 ml using YM10 ultrafHtrBtlon membrane (Amioon. Dan- 
vers. MA. USA) to ghra a PEG(1 0000)IL-6 and 3.5 ml of the concentrate was applied to a Supeidex G200 column 
(Pharmacia. Upsala, Sweden) equfltoted with PBa The PEGytated hlL-6 polypeptkle was eluted In five frao> 
ttons (hereafter referred toes Fr100-1. FrlOO-2. FrlOD-a, Fr10O4. Fr10(V5) witti PBS. The yield of each fraction 
was 3.8 mg. 6.0 mg, 5.8 mg, 4.8 mg, and 4.5 mg ; respectively. 

2$ The five fractions obtained were characterized by determining the number of free amino add groups as 
described In Example 5. The average number of free amino groups per molecule of each fraction was 5.3, 7.4. 
8.8, 9.4. and 10.0 ; respectively. 

EXAMPLE 12 

3D 

An acthrated PEG12M (a suodnfmldyl succinate derivative of polyethylene gtyool, which is 
methoxypolyethyiene glycol succinate with an average molecular weight of 12,000 and coupled to N-hyd- 
roxysucdnimide) was obtained from Nippon OB & Fete Co. (Tokyo, Japan). The hlL-8 polypeptide produced in 
Example 4 was coupled to this activated PEG12M. The hlL-8 polypeptMe (80 mg) was dissohred in 180 ml cf 

35 0.1 M sodium borate buffer (pH 8.5) and 1 000 mg of the activated PEG12M was added to the edutlon in three 
additions at 30 mIn Intervals in an Ice bath with stirring. The reaction mixture was concentrated to 6 ml using 
YM10 ullrafillratlon memkvana to ghre a PEQ(12000)IL-8 and was applied to a Superdex 0200 column equHK 
brated with PBS. The PEGylated hlL-8 potypeptMe was eluted in fhrefractkme (hereafter referred to as Fr120-1. 
Fr120>2. Fr120-3, Fr12a4, Fr120-5) with PBS. The yield of each fraction was 1.6 mg. 2J mg, 3.5 mg. 3.7 mg. 

40 and 3.7 mg ; respectively. 

The fhre fractions obtained were characterized by determining the number of free amino add groups as 
described in Example 5. The average number of firee amino groups per molecuie of each firaction waa 5.2, 7.6b 
&7, 8.2, and 8.8 : respectively. 

45 EXAMPLE 13 

The hiL-6 produced in Example 4 or its PEGylated derivatives produced In Examples 11 end 12 were 
administsred subcutaneously to four Balh/c mice (8 weeks dd, female) once a day for five day& Contrd mtee 
were administered with the vehide. Blood samples were taken on the sbcth day and platelets In peripheral blood 
so were counted. The results are shown In Tables 6 and 7. 

The PEGylated hiL-6 showed significantly higher platelet produdng ectivity compared to the unmodified 
hlL-8. GeneraOy, the PEGylatad hlL-6 derivatives of Example 12 gave higher activi^. 
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IS 



Tabfee 

Number of platelets (% of control) 



PEQylated hlL-6 



Dose* hlL-6 


Fnoo-i 


Fnoo-2 


Frioo^ 


FrlOO^ 


FrlOO-5 


10 143.0~ 


211.r 


250.8'" 


204.4"* 


203.2" 


202.4" 


5 129.4" 


nt 


205.9~ 


212.7"* 


22&5" 


225.9" 


1 nt 


100.0 


148.9** 


141.1" 


14^5* 


^4ZB' 


OS nt 


nt 


107.9 


113.7 


138.7" 


111.3 



a: MO/mouse/injection on the basis of hlL-6 polypeptides, 
nt not tested. 
*. I 



; P<0.05, P<0.01. P<0.001 significant differanoe 
from ttie control (Student's T-test). 



Table 7 



Number of platelets (% of control) 



unmodlfled- 



PEGylated hlL-6 



Dos^fitL-e Fr120-1 Fr120-2 Fr120^ Fn2a4 



10 


126.7* 


201.3' 


213.2"* 


221.4"* 


20a4"' 


235.9"" 


5 


nt 


246.3"* 


244.3"* 


243.1"* 


22ao"* 


224.8** 


1 


nt 


221.5" 


233.2"* 


ZAZf 


221.4** 


22&4** 


0.5 


nt 


215.5"* 


227.8" 


205.9"* 


203.4"" 


191.5*" 


0.1 


nt 


141.3" 


167.4"* 


170.r 


161.5"* 


154.1"" 



a: |ig/mouse/in]ectlon on the basis of hlL-6 polypeptides. 
^ nt: not tested. 

P<0.05. ••: P<o.oi. — : p<o.G01 significant differenoe 
from the control (StudenTs T-lest). 

80 

EXAMPi£14 

The PEGylatdd hlUS produced In Example 12 (Fr120-1 to Fr120-5) were administered subcutaneously to 
five aciite-thrombocytopenle mice (8 weeks dd, female), once a day for 7 aerial days foOowfng X-ray liradbtion 
Si (600 red). Blood aamplea were taken on the eighth day and plateleta In peripheral t)lood were counted. The 
results are shown in Figure a. 

All the PEQyIatad hlL*e ftadtons Induced prominent recovery from the acute ihromt)ocytopenla. At doses 
of over 0.1 MSAnouse, the administration of any of the five fractkms resulted In a slgnineanUy (P<0.01) higher 
numt>er of plaMeto produced as compared to the control (vehtefe edminlstratlon only). Fr12D-1 and Fr120-2 
were chosen for ftjrther study. 
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EXAMPLE 15 

The In vivo perslstance of the PEGytated hlL-6 in blood was investigatBd. The hlL-6 of Example 4 or Hs 
PEOylated darfvaUvee (Fr4S.2, rr120-1 . and MZO-Z produced In Example84 and 12) ware administered sub- 
cutaneoualy to Balti/c mice (8 weeks old, female) at a dose of 0^ po/nmse (as polypeptide). Blood samples 
were taken at Intervals and the senmi coneentratien of hlL-6 was detamnlned Immunochemlcany using Quan- 
tiklne hlL-6 (R&D Systems. Minneapolis, MN, USA). The result Is shown In Figure 4. 

The PEGylated hlL-6 could be ImmunochemlcaUy detected even 24 hours after the administration whOe 
the unmodmad hlL-8 could not be detected 5 hows after adrrinistratkm. This strongly suggests that the talRito 
of hlL-6 was Increased by PEGylatkin. 

EXAMPLE 16 

The hlL-6 potypeptkle, with exactly the sequence shown in Example 4, was produced as described In 
Example 4 but without the cathepsin C treatment Thus, this IL-6 has a Met-I.ys at the amino temilnus. 
Approximately Z9 g of the hlL-6 polypeptide, whteh was a single band on SDS-PAGE and had the predicted 
molecular weight of 21K. was obtained. The N-tenniinal sequence was confirmed to be Met-Lys-Ala-Pro- with 
mora than 9d% purity by direct sequence analysis. This sequence was stable fdr at least for 4 months when 
stored at 4*a 

The hlLS potypeptkle was PEGytated with the activated PE012M of Example 1 2 to give a PEG(12000)lL-6 
tanned PEG(12000)IL-6'. The five fracttons obtained were tenned as Fn20'-1 to Fr120'-5. 

The PEGylated htL-6 Fr12(X-2 was administered to five mice once a day for five days at a dose of 1 pg- 
/mouse and blood samples were taken on the sixth day as described in Example 13. The number of perfphersd 
platelets in Uie test mice showed a 285% increase (significant at P<0.001) compared to the control (vehicle 
administered) mice. 

EXAMPLE 17 

The acuta toxicity of PEOylated hlL-6 was Investigated. The hlL-6 of Example 4 or Its PEGylated derlvatlvee 
(Fr45-2, FnoO-2, and Fn2a-2). produced in Examples 4, 11. and 12. wars adminlstmd subcutaneousty to 
five Balh^c mice (6 weeks old. male, 21-23 g weight) at a dose of either 1, 5, or 10 mgAcg weight (aa potypeptkle). 
None of the mice was observed to die during the ten day period after the administration. Thus the acute LD» 
fbr the three PEGylated hlL-6 was over 10 mg/kg weight 

The foregoing examples describe the PEGylatton of lt-6 whtoh substantlaily Increaaee the btologlcal haff- 
Iffe of IL-8 while stiD retaining the biological activity of IL-6. 

While the present inventton has been described In terms of specflic methods and composlttons, it Is under- 
stood that variatfons and nvNllficatkins wfil occur to those skilled In the art upon consldrntfon of the present 
bivention. For example, it Is antidpatad that smaller protein fragments and peptides derived from any form of 
IL-6. whether glycosylated or unglycosylated, and that still retain IL-6 biological acthrity. would also be effective 
in their PEGytated fbnns. It is also antkdpated that forms of PEG other than the sucdnlmkfyl succinate deriva- 
tives of PEG (fbnnula 5). the bis-pdyethylene glycol derivathres of cyanuric chloride (formula 7) and the 
pdyoxyethylene diamines (formula 8). such ss carbonyt dfrnldazole. phenylcarbonate. euodnimklyl carbonata 
or maleimide derivathres of PEG and mono-polyethylene glycol derivatives of cyanuric chloride, es wen as other 
polyoxyethylenederivatives such as polyoxyethylene monoamines, will also be effecthre as PEGylathig agenta. 

Although the preferred forms of PEGylated IL-6 ere unglycosylated hlL-6 polypeptides PEGytated at ambio 
groups wKh pdyethylena glycol succinate, it Is not Intended to preclude other oomblnattons of PEG and IL-6 
that are effectiva In having Improved bidoglcat halflife and in retaining IL-6 activity. 

Further, it Is antteipated that the general method of the inventton of preparing PEGylated forms of IL-6 can 
be used to prepare PEGylated fonms of other proteins for which it is desired to improve the biological halMlfe 
whBe stffl retaining and/or enhancing biological activity. Such other proteins include intarleuMn-2, lntBrteukirv-3, 
G-CSF. adenosine deaminase, asparaginase, urokinase and superoxhfe dtemutasa. 

Numerous modiflcattons and variattons in the Invention as described In the above Bluatrative exan^iles are 
expected to occur to those stalled In the art and consequently only such llmitatkms as appear bi the appended 
claims should be placed thereon. 

Acoordlngly. it is intended m the appended claims to cover all such equivalent variations which come wRhln 
the scope of the Inventton ss claimed. 
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(1) XHFOBMXTZON FOR 8BQ. ZD. NO. 1 

(1) SEQUENCE CHARACTERISTICS: 



(A) 
(B) 
(C) 
(D) 



LENGTH: 185 
TYPE: Amino acid 
STBANDEDNESS : N/A 
TOPOLOGY: N/A 



25 



39 



49 



40 



(xi) SEQUENCE DESCRIPTION : SEQ. ID. N0:1: 



SBQDEHCE ID MO. ; 1 

ALA PRO VAL PRO PRO GLY GLU ASP SER LYS ASP VAL ALA ALA 

5 10 
PRO HIS ARG GLN PRO LEU THR SER SER GLU ARC ILE ASP LYS 

15 20 25 

GLN ILE ARG TYR ILE LEU ASP GLY ILE SER ALA LEU ARG LYS 

30 35 40 

GLU THR CYS ASN LYS SER ASN MET CYS GLU SER SER LYS GLU 

45 50 55 

ALA LEU ALA GLU ASN ASN LEU ASN LEU PRO LYS MET ALA GLU 
60 65 70 

LYS ASP GLY CYS PHE GLN SER GLY PHE ASN GLO GLU THR CYS 

75 80 
LEU VAL LYS ILE ILE THR GLY LEU LEU GLU PHE GLO VAL TYR 

85 90 95 

LEU GLU TYR LEU GLN ASN ARG PHE GLU SER SER GLU GLU GLN 

100 105 110 

ALA ARG ALA VAL GLN MET SER THR LYS VAL LEO ILE GLN PHE 

115 120 125 

LEU GLN LYS LYS ALA LYS ASN LEU ASP ALA ILE THR THR PRO 
130 135 140 

ASP PRO THR THR ASN ALA SER LEU LEU THR LYS LEU GLN ALA 

"S 150 
GLN ASN GLN TRP LEU GLN ASP MET THR THR HIS LEU ILE LEU 
155 160 165 

ARG SER PHE LYS GLU PHE LEU GLN SER SER LEU ARG ALA LEU 

I'^O 175 180 

ARG GLN MET 



185 



ie 
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(2) INFORMHTZOH FOR SKQ. ID. HO. 2 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 186 

(B) TYPE: Amino acid 

(C) STRANDBDNESS: M/A 

(D) TOPOLOGY: N/A 
(xi) SBQUBNCB DESCRIPTION t SEQ. ID. NO. 2: 



SEP ID NO.; 2 



MET ALA PRO VAL PRO PRO GLY 6LU ASP SER LYS ASP VAL ALA 

-11 5 10 

ALA PRO HIS ARO GLN PRO LEO TRR SER SER GLD ARG ILB ASP 

15 20 25 

LYS GLN ILB ARG TYR ILB LEU ASP GLY ILE SER ALA LEU ARG 

30 35 40 

LYS GLU THR CYS ASN LYS SER ASN MET CYS 6LU SER SER LYS 
45 50 55 

GLU ALA LEU ALA GLU ASN ASN LEU ASN LEU PRO LYS MET ALA 

60 65 
GLU LYS ASP GLY CYS PHE GLN SER GLY PHE ASN GLU GLU THR 

70 75 80 

CYS LEU VAL LYS ILE ILE THR GLY LEU LEU GLU PHE GLU VAL 

85 90 95 

TYR LEU GLU TYR LEU GLN ASN ARG PHE GLU SER SER GLU GLU 

100 105 110 

GLN ALA ARG ALA VAL GLN MET SER THR LYS VAL LEU ILE GLN 
115 120 125 

PHE LEU GLN LYS LYS ALA LYS ASN LEU ASP ALA ILE THR THR 

130 135 
PRO ASP PRO THR THR ASN ALA SER LEU LEU THR LYS LEU GLN 
140 145 150 

ALA GLN ASN GLN TRF LEU GLN ASP MET THR THR BIS LEU ILE 

155 160 165 

LEU ARG SER PHE LYS GLU PHE LEU GLN SER SER LEU ARG ALA 

170 175 180 

LEU ARG GLN MET 
185 
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(3) nrOBMATIOR FOR 8SQ. ZD. NO. 3 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 187 

(B) TYPE: Amino acid 

(C) STRANDEDNBSS: N/A 
(0) TOPOLOGY: N/A 

(xl) SEQUENCE DESCRIPTION : SEQ. ID. NO. 3: 



8EQ IP WO. a; 



MET LYS ALA PRO VAL PRO PRO 6LY GLU ASP SER LYS ASP VAL 

-2-11 5 10 

ALA ALA PRO HIS ARG GLN PRO LEU THR SER SER GLU ARG ILB 

15 20 25 

ASP LYS GLN ILB ARG TYR ILE LEU ASP 6LY ILE SER ALA LEU 
30 35 40 

ARG LYS GLU THR CYS ASN LYS SER ASN MET CYS GLU SER SER 

45 50 
LYS GLU ALA LEO ALA GLU ASN ASN LEU ASN LEO PRO LYS MET 

55 60 65 

ALA GLU LYS ASP GLY CYS PHE GLN SER QLY PHB ASN GLU GLU 

70 75 80 

THR CYS LEU VAL LYS ILE ILE THR GLY LEU LEO GLU PHE GLU 

85 90 95 

VAL TYR LEU GLU TYR LEU GLN ASN ARG PHE GLU SER SER GLU 
100 105 110 

GLU GLN ALA ARG ALA VAL GLN MET SER THR LYS VAL LEU ILE 

115 120 
GLN PHE LEU GLN LYS LYS ALA LYS ASN LEU ASP ALA ILE THR 
125 130 

THR PRO ASP PRO THR THR ASN ALA SER LEU LEU THR LYS LEU 

140 145 
GLN ALA GLN ASN GLN TRP LEU GLN ASP MET THR THR HIS LEU 

155 160 165 

ILE LEO ARG SER PHE LYS GLU PHB LEU GLN SER SER LEU ARG 
"0 175 180 

ALA LEU ARG GLN MET 

185 



Claims 

1. PEG-IL-6 having bloloslcalaellvBy. 

2. PEG.IL4 aoeerdbig to data) 1 whei^ saM IL-« Is glycosylatad IL4, ungiycosylated IL-6 or a blologlcany 
acdva tagmant thsfsof. 
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X PEO-IL-6 acoording to clafim 2 wherein said \LS comprises a sequence of amino adds as defined In the 
Sequence Listing by SEQ ID NO .i , SEQ ID NO :2 or SEQ ID NO :3. 

8 

4 PEO-IL-6 acoording to any one of the preceding claims, wherein said IL«6 is a naturally produced or synth- 
etfcaBy produced iL-6. 

6L PEG-IL-6 acoording to dalm 4 wherein said nahirally produced IL-6 Is obtalnatde as an expression product 
10 of a prolcaryotic or euJcaryolic host ceO transformed or Iransfedad with a DNA sequence encoding IL-6 or 
encoding a ttlologteany active IL-6 fingment 

& PEO-IL-6 according to daim 5 wherein said host cell Is E. COIL 

15 7. PEO-IL-6 according to any one of the preceding dalms wherein sakt PEO Is obtainatde from activated PEG. 

8. PEO-IL-6 according to dalm 7 wherein said adivatad PEG Is the succlnimidyl sucdnate derivative of PEO 
or the bIs-PEO derivative of cyanurie chloride. 

2D 9. PE0-IL«6 according to dalm 7 virherein said acttvatad PEG Is activated PE01«PEG2 or PEOI^ 

10. PEG>IL-6 according to any one of the preceding dalms wherein the PEG is attached to the IL-6 via one or 
more amino groups on said IL-6. 

20 11 PEG-IL-6 according to dalm 10 wherein at least one hydrogen atom of said amino group on said IL-6 is 
substituted with said PEO. 

1 2. PEG-IL-6 according to dalm 1 0 wherein at least ono amino group on said IL-6 is subsfalutad with said PEG. 

30 19. PE0-IL<6 according to any one of dalms 1 to 9. wherein said PEO Is attadied via one or mora carbooiyl 
groups on said IL-6. 

14. PEO-IL-6 acoording to dalm 13 wherein at least one carboxyl group on said IL«6 Is substituted with said 
PEG. 

38 

15. PEO-iL-6 according to any one of the preceding claims selected from PE01-IL-6, PEQ2-IL-« and Pe012M- 
IL-6. 

16. PEO-IL-6 according todaim 1 5. wherein the PE01-IL-6 is PEO(4500)IL-6. the PEG2-IL-6 is PEQ(10000)IL- 
40 6, and the PEQ12M-IL-6 Is PEG(12000)tL-« or PEG(1 2000)1 L-6'. 

17. PEO-iL-6 according to dalm 16. wherein the PEG(4500]iL-6 Is seleded from Fr45-0. Fr45-1 , Fr45-2, Fr45- 
3, Fr45-4 or Fr45-5 ; the PEG(10000)IL-6 Is selected from Fr100-0, FrIOM, FnOO-2, Fr100-3, Fr10O-4 or 
FrlOO-5 ; the PEG(12000)IL-6 Is selected from Fn20-1, Fr120-2. Fr120-3. Fr12Q-4 or Fr120-S ; and the 

45 PEG(12000)IL-6' is selected from Fr120'-1. Fr120'-2, Fr120'-3. Fr120'-4 or Fn2D'-5. 

18. PEG-IL-6 es daimed in any one of the preceding dalms. for use in the freatment of haematopoietic disor- 
ders in an organism. 

80 19. PEG-IL-6 according to dabn 1 8 ft)r use bi promoting platelet production. 

20. A phamiaceuttcal composition omprislng a pharmaceutlcaiiy acceptable solvent, dlhient, adjuvant or car- 
rier and as an active Ingredient a biologically active PEG-IL-6 as daimed In any one of dalms 1 to 17. 
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